In a l)revious paper (2) it was shown that in normal rats epinephrine causes an immediate elevation of plasma free fatty acid (FFA) 1 levels and a delayed rise in serum cholesterol and phospholipids. The responses were similar to but smaller in magnitude than those seen in dogs (3). In the rat studies it was further shown that removal of the pituitary or of the adrenal glands abolished these responses to epinephrine completely or almost completely. The present studies in dogs were undertaken to permit a more critical evaluation of the role of the pituitary-adrenal axis in conditioning the lipid responses to epinephrine. Using dogs it has been possible to folloN the time coturse of the epinephrine responses in individual animals. Furthermore, it has been possible to study the responses of the same animals before and after hypophysectomy or adrenalectomy and again after institution of supportive hormonal therapy.
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M ETHODS
Male mongrel dogs (12 to 18 kg) were maintained on dry meal mixed with a small supplement of meat. A measured amount of ration was offered each morning and was consumed completely within 4 hours. Control blood samples were drawn from a leg vein after an overnight fast. In studies of 24 hours' duration or less no food was allowed. In the studies lasting 3 24 hours. Blood samples were placed in heparinized tubes containing sodium fluoride, chilled and then centrifuged. Plasma free fatty acids were determined by a modification2 of the method of Gordon (4) . The plasma, instead of being lyophilized, is dehydrated by acetic anhydride added to the extraction mixture: 50 ml acetic anhydride, 450 ml glacial acetic acid, 300 ml isooctane (2,2,4-trimethylpentane), 0.5 ml concentrated sulfuric acid. One ml of plasma was added to 30 ml of this extraction mixture. After 1 to 24 hours, 5 ml of water was added, causing separation into 2 phases. The isooctane phase was washed with acidified water and an aliquot was titrated as described by Gordon 
RESULTS
FFA and glucose responses to intravenous epinephrine. In Figure 1 are shown the FFA and glucose response curves of normal dogs after intravenous aqueous epinephrine (20 to 25 ,ug per kg). During the first few minutes after injection the FFA levels showed a small but definite drop below the control level and only then the characteristic sharp rise to a peak at 5 to 10 minutes. This immediate transient drop in FFA level occurring after the injection of aqueous epinephrine has not been previously noted. It suggests that the rate of removal of plasma FFA is immediately increased by epinephrine and that it temporarily exceeds the rate of delivery of FFA into the plasma. The increased rate of utilization of FFA implied by these short-term observations may be due to increased muscular activity, particularly the tachycardia that begins at once. Very quickly, however, the rate of FFA delivery from adipose tissue rises and brings the plasma FFA concentration to a high level. As shown in Figure 1 , FFA levels Figure 2 ). When they were maintained on cortisone, on the other hand (upper frame, Figure 2 ), the FFA response to epinephrine in these same dogs was similar to that observed prior to adrenalectomy. The response obtained in Dog P before operation is included in the data of Figure 1 . Thus it is clear that cortisone therapy fully restores the normal FFA response. The blood glucose response, which was virtually absent in the adrenalectomized animal (lower frame, Figure 2 ), was partially restored by cortisone therapy but was still smaller in magnitude and more transient than the response of the intact animal.
Hypophysectomy also abolished the normal FFA response to intravenous epinephrine (lower frame, Figure 3 ). The response obtained in Dog C before hypophysectomy is included in the data of Figure 1 and the contrast is evident. Treatment with cortisone restored the ability of the hypophysectomized animal to respond (curve C, upper frame, Figure 3 ). The peak FFA value reached was somewhat less than that reached by the intact animal but the increment over the initial value was similar. After a period of three weeks without hormonal therapy, Dog C was given ACTH (2.5 units per kg) for three days and the epinephrine response was again determined (curve C', Figure 3 ). Response was partially but not completely restored. Control studies both with cortisone and with ACTH have shown that in the form and dosages used here these hormones do not of themselves have significant effects on plasma FFA levels over the time intervals studied, although under other conditions responses can be obtained (unpublished results). Supportive hormonal therapy also tended to restore the glucose response to epinephrine. FFA and glucose response to epinephrine in oil. The changes in plasma FFA and blood glucose levels in normal dogs over a 24 hour period following the injection of epinephrine in oil (0.6 mg per kg) are shown in Figure 4 (lower frame). FFA levels rose to a peak at about 2 hours and then fell gradually again to reach normal values by about 6 hours.
Adrenalectomy abolished or considerably reduced the FFA response and also caused a flattening of the glucose curves (lower frame, Figure  5 ). Treatment of these same animals with cortisone (Dog P and Dog T) fully restored their ability to respond to epinephrine (upper frame, Figure 5 ).
Hypophysectomy also abolished the FFA response to epinephrine and abolished the glucose response as well (lower frame, Figure 6 In all cases the cholesterol and phospholipid re-animals after adrenalectomy showed elevations of sponses after adrenalectomy were sharply re-only 7.5 and 9.5 per cent. The epinephrine-induced. Before operation the mean rise of total duced changes in free cholesterol and phospholipid cholesterol in three dogs given a single injection levels were similarly suppressed by adrenalectomy. of epinephrine was 17.7 per cent. After operation When adrenalectomized animals were mainthe mean rise was 6.2 per cent. When three daily tained on cortisone the cholesterol responses to doses of epinephrine were given the difference was epinephrine injection were similar to those obmore marked, the intact animals showing eleva-served prior to adrenalectomy (mean elevation tions of 29.4 and 32.0 per cent, while the same 18.1 per cent on cortisone compared with 17.7 per cent in the same three animals prior to surgery). The phospholipid responses were partially restored but appeared to be somewhat smaller than the responses of the intact animals. In order to determine to what extent cortisone itself might be contributing to the lipid responses induced by the combined epinephrine and cortisone treatment, four of the adrenalectomized dogs were given cortisone alone. The mean rise in total plasma cholesterol level occurring in 24 hours was 2.7 per cent and the maximum rise 3.6 per cent. The mean rise in phospholipid level was 6.8 per cent and the maximum rise 14.4 per cent. Thus it is clear that although prolonged cortisone therapy can importantly influence plasma lipid levels, the acute changes occurring over the short intervals used in these studies are not to any extent due to a direct action of cortisone. It appears that the effect of cortisone is not simply additive but rather permissive.
As shown in Table II , hypophysectomy also abolished or markedly reduced the cholesterol and phospholipid responses to epinphrine. Treatment with ACTH fully restored these responses to normal. The effects of ACTH itself were studied in Dogs E and C. Treatment for three days raised the plasma cholesterol levels only 4.6 and 4.8 per cent, the phospholipid levels 13.1 and 18.0 per cent. It can be concluded that in these studies the action of ACTH, like that of cortisone, is not an additive effect but a permissive or synergistic effect. Its effectiveness may well be entirely or in part secondary to its stimulation of adrenal function.
For a number of reasons it is difficult to evaluate properly the changes in triglyceride levels. As discussed in a previous paper (3) Finally, the effect of cortisone on the epinephrine responses of normal dogs was studied. The potentiation of the FFA responses has already been described (Figure 4, top frame) . The (13) have described lipid mobilizing factors from the pituitary believed to be distinct from any of the known purified pituitary hormones. Whether or not the loss of pituitary factors such as these modified the ability of the hypophysectomized animals to respond to epinephrine cannot be decided at the present time.
The fact that adrenalectomized animals have a low fasting plasma FFA level and that they respond poorly to stimuli which in the intact animal produce an outpouring of FFA from the fat depots may help to explain a number of earlier observations on fat mobilization. The development of a fatty liver, often used as a measure of fat mobilization, has been repeatedly demonstrated to depend upon adrenal function. In 1936, Verzar and Laszt showed that phosphorus poisoning failed to produce fatty livers in adrenalectomized rats but that after treatment with adrenocortical extracts results were comparable to those seen in intact control animals (14) . In similar fashion it has been shown that the fatty liver due to exposure to cold (15) , prolonged fasting (15) Another well documented finding implicating the adrenal gland in fat metabolism is the observa-tion that the ketonuria induced by injection of anterior pituitary extracts is reduced or abolished by adrenalectomy and is restored by treatment with adrenocortical extracts (19) . Evans found that adrenodemedullation considerably reduced the ketonuria observed after phloridzin treatment (20) . While these results may be due in part to other effects on metabolic patterns it is also possible that the role of the adrenal glands is simply to permit sufficiently rapid mobilization of substrate fatty acids from the depots.
The loss of the hyperglycemic response to epinephrine in adrenalectomized and in hypophysectomized animals reported here confirms previous observations of a similar nature (21) . Responsiveness is partially or completely restored by administration of adrenocortical steroids (22) and this, too, is confirmed. These observations may be explained wholly or in part by the fact that the level of liver glycogen is lower in adrenalectomized animals. On the other hand the parallel loss of FFA response and glucose response suggests that adrenocortical steroids may play a similar permissive role in both the adipose tissue and the liver.
In the present studies there is a striking parallelism between factors influencing the FFA response to epinephrine and the lipoprotein response to epinephrine. It is difficult to avoid the conclusion that the two responses stem from a common primary action of epinephrine or that the mobilization of FFA, the earliest effect, is itself the basis for the subsequent elevation of plasma lipoprotein levels. Specifically, it can be postulated that the increase in liver lipids due to transfer of fatty acids from the depots may constitute an adequate stimulus to the subsequent production and release of lipoproteins into the serum. The only observation incompatible with this hypothesis is the partial dissociation between the two lipid responses to epinephrine observed previously when large amounts of glucose were administered along with the epinephrine (3). Here, however, the dissociation was incomplete and the possible independent effects of glucose administration were not examined. Studies of the fate of FFA reaching the liver in increased quantities may help to clarify the interrelationship of FFA mobilization and lipoprotein mobilization.
The remarkable potentiation by cortisone of the lipoprotein response of intact animals to epinephrine may have important implications with respect to the hypercholesterolemia observed under conditions of physical or emotional stress. Under stress the adrenal gland increases its output both of epinephrine from the medulla and steroids from the cortex (23) . The combined action of these hormones, as shown above, is capable of almost doubling the serum cholesterol level of dogs over a period of three days. Friedman, Rosenman and Carroll (24), Thomas and Murphy (25) and Wertlake, Wilcox, Haley and Peterson (26) have recently reported on the elevation of serum cholesterol levels observed in patients subject to emotional stress. Cardon and Gordon (27) and Bogdonoff, Estes and Trout (28) have shown that patients subjected to the stress of a frightening situation exhibit a sharp rise in circulating FFA.
It is suggested that, at least in part, the mechanism by which psychic factors in these and similar studies manifest themselves somatically in the form of elevated blood cholesterol levels is neurohumoral in nature, i.e., autonomic stimulation of adrenomedullary function and hypothalamic-pituitary stimulation of adrenocortical function. The work of Havel and Goldfien (29) suggests that activity of the sympathetic nervous system is of importance in the control of FFA mobilization in the normal individual. It 6. It was concluded that the mobilization of FFA and of lipoproteins by epinephrine is dependent upon intact adrenal function and in particular on the simultaneous availability of cortisone or cortisone-like steroids. Whether the effects of hypophysectomy are all secondary to subsequent involution of the adrenal gland could not be decided.
7. It is suggested that the hypercholesterolemia of stress reported in man may in part be due to the accompanying overactivity of the adrenal medulla and adrenal cortex, simultaneously introducing epinephrine and corticosteroids into the system in analogy with the present studies in dogs.
